
I 

N A S A  

d 
h 
cr) 

L L  

c 
c 
4 
r/, 
4 
z 

I 

T E C H N I C A L  

T R A N S L A T I O N  

N A S A  - T T  ~ . .  F-374 I 
c-. I 

THE APPLICATION OF 
MATHEMATICAL METHODS IN 
AVIATION AND SPACE MEDICINE 

CONFERENCE, MOSCOW, FEBRUARY 25-26, 1965 
(SUMMARY OF REPORTS) 

by K .  A. Ivunov-Mnromskzj, et ul. 

A kademiya Nazlk SSSR, Voyeiz no- Vozdztshnyye Si@, 
Mosrou: 1965. 

I c m 
% I  
4 

NATIONAL AERONAUTICS AND SPACE A D M I N I S T R A T I O N  WASHINGTON,  D. C. 0 SEPTEMBER 1 9 6 5  



TECH LIBRARY KAFB, NM 

I111111 lllll11111 Ill11 llll Hlll11111 Ill1 1111 
O O b + ~ O 2  

NASA TT F-374 

THE APPLICATION O F  MATHEMATICAL METHODS 

IN AVIATION AND SPACE MEDICINE 

CONFERENCE, MOSCOW, FEBRUARY 25-26, 1965 

(SUMMARY O F  REPORTS) 

By K. A. Ivanov-Muromskiy, et al. 

Translat ion of "Konferentsiya PO primeneniyu matematicheskikh 
metodov v aviatsionnoy i kosmicheskoy meditsine. 

25-26 fevralya 1965 (Tezisy dokladov)" 
Akademiya Nauk SSSR, Voyenno-Vozdushnyye Sily, Moscow, 1965. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
- . . . .. . . . .. ~- . . - .. . . .. . .. . ._ -. - .._ -. I ._ . . _  

For sale by the Clearinghouse for Federal Scient i f ic  and Technical  Information 
Springfield, Virginia 22151 - Price $2.00 





T H E  APPLICATION OF MATHEMATICAL METHODS IN AVIATION 
AND S P A C E  MEDICINE, CONFERENCE,  MOSCOW, FEBRUARY 25-26, 1965. 

(SUMMARY O F  REPORTS)  

Organ iza t iona l  C o m m i t t e e  

V. V. P a r i n  ( P r e s i d e n t )  
Ye, B. Babsk iy  
I. M. Gel ' fand 
M. L. Bykhovskiy 
M. L. T s e t l i n  
Ye, S. G e l l e r  ( S e c r e t a r y )  
V. B. Malk in  
N. A. Chekhonadskiy 

iii 





c ONTEhT s 

Page 

The Application of an Electronic Digital Computer for Analyzing 
the Bioelectric Activity of the Brain during Excitation and 
Inhibition 
K. A. Ivanov-Muromskiy, S. L. Sapozhnikova, N. Litvin and 
K. S. Ganchukov 

The use of Punched Cards in Analysis of Phonocardiographic Material 
V. G. Mel'nikov 

Equipment Solutions for the Analysis of the Generated Reply 
B. A. Fomin, V. G. Uvarov, S. M. Grigorovich and A. G. Skripnikov 

Simulation of the Reorganization Mechanism of Receptive Fields 
V. G. Uvarov 

A System of Input Devices for the Automatic Analysis of Physiologi- 
cal Characteristics by Means of an Electronic Computer 
Ye. A. Shkabara, Yu. S. Rubashev and V. M. Kharchenko 

The Application OfMathematical Methods in Analyzing Certain Physio- 
logical Characteristics 
M. A. Kulikov and Ye. A. Shkabara 

Comprehensive Analysis of EEGfs 
V. A. Nazarov 

Method of Analysis and Magnetic Recording of Many Electrograms for 
Automatic Introduction of Information into the Electronic Digital 
Computer 
V. M. Anan'yev 

Standardization of Several Methods of Processing Biomedical Data by 
Means of an Electronic Digital Computer 
V. S. Grinev, E. V. Kalinina, R. N. Lazareva and N. A. Troitskaya 

A System of Equipments for the Quantitative Investigation of Cardiac 
Action 
V. A. Lishchuk, B. A. Beregovskiy and A. A. Gorbach 

The Ekperimental Determination of Characteristics Necessary for the 
Optimum Treatment of Cardiac Disorders 
N. M. Amosov, V. A. Lishchuk, 0. I. Lissova, S. A. Patskina and 
B. A. Beregovskiy 

6 

a 

10 

11 

13 

14 

15 

V 



Application of Correlation Methods for the Investigation of the 
Cardiovascular System 
K. P. Buteyko, Ye. N. Karyshev and B. S. Sinitsyn 

Investigation of the Methods of Automatic Processing of Electro- 
encephalograms 
A. M. Zhdanov 

Automatic Processing of Recordings Characterizing the Activity 
of the Respiratory and Circulatory Systems and the Working 
Capacity of Man 
A. M. Zhdanov 

Application of the Dispersion Method for Evaluating the Data of 
Physiological and Pathophysiological Investigations 
A. 0. Navakatikyan 

Prospects of Using Mathematical Methods in Aviation and Space 
Med i c ine 
V. V. Parin, 0. G. Gazenko and N. A. Chekhonadskiy 

Application of Computer Technology for Investigating Control Sys- 
tems which Include Man 
A. P. Kuz'minov, V. F. Onishchenko, Yu. A. Rozanov, and 
M. M. Sil'vestrov 

Simplified Method of Measuring the Transfer Function of an 
Operator 
A. A. Volkov 

Application of the Electronic Digital Computer to the Operational 
Evaluation of the External Respiratory Function of Man 
K. K. Shcherbakov 

Application of Certain Statistical Indicators for Detecting 
Persons with Concealed Forms of Statokinetic Disorders 
V. I. Kopanev 

Mathematical Analysis of Biochemical Data on the Dynamics of 
Cholesterol and Its Significance in Clarifying the Reasons for 
and Developing Preventive Treatment for Atherosclerosis in 
Pilots 
Yu. F. Udalov, A. G. Melikhova, A. S. Kontsov, N. I. 
Mukhamedzhanov and V. A. Nazarova 

Dynamic Characteristics of the Cardiovascular System of Man and 
Their Utilization in Space Medicine 
A. D. Yegorov and N. A. Cheskhonadskiy 

vi 

Page 

16 

17 

19 

21 

22 

24 

r( 

29 

30 

32 

34 



THE APPLICATION OF AN ELJXTRONIC DIGITAL COMPUTER FOR 
ANALYZING THE BIOELECTRIC ACTIVITY OF THE BRAIN DURING 

EXCITATION AND INHIBITION 

K. A. Ivanov-Muromskiy, S. L.  Sapozhnikova, 
N .  L i t v i n  and K. S. Ganchukov 

The i n t e r p r e t a t i o n  of  t h e  phys io logica l  s t a t e  of t h e  human and B 
animal bra in  i s  based p r imar i ly  on t h e  frequency-phase ana lys i s .  The low per -  
centage of information u t i l i z a t i o n  obtained with present  day experimental  setups,  
as  wel l  a s  subject iveness  and a s u b s t a n t i a l  expenditure of time t o  i n t e r p r e t  
information a r e  c h a r a c t e r i s t i c  of t h e  v i s u a l  ana lys i s  of EEG's. The use of 
s p e c i a l  equipment f o r  automatic ana lys i s  ( i n t e g r a t o r s ,  analyzers  with d i f f e r e n t  
types of f i l t e r s ) ,  i n  addi t ion  t o  experimental d i f f i c u l t i e s ,  i s  assoc ia ted  
with d e f i n i t e  l i m i t a t i o n s .  The development of biomedical e l e c t r o n i c s  has shown 
a unique prospect f o r  u t i l i z i n g  t h e  e l ec t ron ic  computer f o r  e x t r a c t i n g  a max- 
i m u m  amount of u s e f u l  information, f o r  studying b i o e l e c t r i c  processes  under 
dynamic condi t ions and f o r  ob ta in ing  d a t a  r ap id ly  ( V .  A. Kozhevikov, R .  M. 
Meshcherskiy, 1963). It i s  assumed t h a t  t h e  appl ica t ion  of t h e  e l e c t r o n i c  
computer may r evea l  new l a w s  assoc ia ted  with b ra in  a c t i v i t y  ( W .  Adley, 1961). 

A t  t he  present  time au tocorre la t ion  and cross -cor re la t ion  methods of 
ana lys i s  a re  widely used i n  physiology and medicine. These methods make it 
poss ib le  t o  f i n d  t h e  pe r iod ic  components of t h e  process and t h e i r  parameters 
and t o  determine t h e  s t a b i l i t y  and degree of s t a t i c  coupling of b iopo ten t i a l  
o s c i l l a t i o n  of var ious s t r u c t u r e s  ( K .  Sato,  1957; M. Brauer, 1960; N .  N .  
Danilova, 1963, 1964 and o t h e r s ) .  

The authors  used t h e  programs developed a t  t h e  I n s t i t u t e  of Cybernetics 
of t h e  AN UkSSR f o r  co r re l a t ion  ana lys i s  by means of an e l e c t r o n i c  d i g i t a l  
computer. The d a t a  were prepared by t h e  quant iza t ion  of continuous EEG r e -  

l i n e  ( t h i s  was done manually by p ro jec t ing  t h e  film on a l a r g e  screen and auto- 
mat ica l ly  by using a device developed a t  t h e  computer center  of t h e  I n s t i t u t e  
of Cybernetics of AN UkSSR). 
value of t h e  d i v i s i o n  s t e p  w a s  s e l ec t ed  equal  t o  200. 

cordings and the  measurement of t h e  ord ina tes  on both s ides  of t h e  zero /4 

I n  accordance with Kote l 'n ikov ' s  theorem, t h e  

%umbers given i n  t h e  margin i n d i c a t e  t h e  paginat ion i n  t h e  o r i g i n a l  fo re ign  
t e x t .  



Because c o r r e l a t i o n  ana lys i s  does not  account f o r  r ap id  dynamic changes 
and f o r  t h e  phase of t h e  o s c i l l a t i o n s ,  t h e  au thors  made an attempt t o  supple- 
ment it with a periodogram method, which has been shown t o  have a s e r i e s  of 
advantages ( Y e .  Y a .  Voytinskiy, 0. M. Lebedev, M. V. Levin, I. N.  Mutsin, 1963). 
The program developed f o r  t h e  e l e c t r o n i c  computer eva lua te s  t h e  frequency spec- 
trum and t h e  phases of o s c i l l a t i o n s .  It i s  also s u i t a b l e  f o r  i n t e r p r e t i n g  
electrocardiograms and myograms. 

To produce d i f f e r e n t  phys io logica l  s t a t e s  of t h e  c e n t r a l  nervous system, 
t h e  b ra in  of r a b b i t s  w a s  subjected t o  cu r ren t  pu l se s  of 100 and 1000 cps 
generated by equipment of o r i g i n a l  design.  The inves t iga t ion  of t h e  biopoten- 
t i a l s  of t h e  b r a i n  s t r u c t u r e s ,  when t h e s e  are subjec ted  t o  cur ren t  pu lses ,  i s  
very s i g n i f i c a n t  i n  e s t a b l i s h i n g  t h e o r e t i c a l  concepts concerning t h e  mechanism 
of s l eep  and na rcos i s  i n  genera l  and concerning those  produced by t h e  e l e c t r i c  
f a c t o r s  i n  p a r t i c u l a r .  

The v i s u a l  i nves t iga t ion  of t h e  EEG's of r a b b i t s  and dogs subjected t o  
e l ec t rona rcos i s ,  c a r r i e d  out e a r l i e r  ( K .  A. Ivanov-Muromskiy and L .  D .  
Murav'yev, 1959; K. A. Ivanov-Muromskiy, 1962; K.  A.  Ivanov-Muromskiy, M. S. 
Lobodyuk, V.  G. Mel'nikov, D .  M. Eppel ' ,  1963), d i d  not  make it poss ib l e  t o  
eva lua te  with s u f f i c i e n t  completeness t h e  na tu re  of t h e  a c t i v i t y  of t h e  cor-  
t i c o s u b c o r t i c a l  elements of t h e  b ra in .  

The curves f o r  t h e  b iopo ten t i a l s  of t h e  co r t ex  and of t h e  s u b c o r t i c a l  
formations were analyzed ( thalamic nucleus,  and hypothalamus and r e t i c u l a r  
formation of t he  midbrain) .  During t h e  per iod  of  EEG record ings ,  t h e  pu l se  
cur ren t  generators  were turned o f f  t o  prevent  a r t e f a c t s .  However, i n  prac-  
t i c e  t h i s  d i d  not a f f e c t  t h e  na ture  of t h e  EEG's (I. S. Robiner, 1956, 1958; 
K.  A. Ivanov-Muromskiy and L .  D .  Murav'yev, 1959). 
R .  Knutson (1963) showed t h e  p o s s i b i l i t y  of record ing  EEG's dur ing  e l e c t r o -  
na rcos i s .  

The authors  (1962) and 

The examination of autocorrelograms and periodograms has made it pos- 
s i b l e  t o  c l a r i f y  a s e r i e s  of s i g n i f i c a n t  condi t ions f o r  t h e  v a r i a t i o n  of 
phys io logica l  l a b i l i t y  of t he  b ra in  neurons, which had escaped previous 
ana lys i s  o r  which could not be i n t e r p r e t e d  due t o  i n s u f f i c i e n t  proof .  The 
comparison of our r e s u l t s  with o ther  d a t a  r e f ined  t h e  e a r l i e r  hypothesis on 
t h e  mechanism of e l ec t rona rcos i s  ( K .  A. Ivanov-Muromskiy, 1953-1957) , and 
it i s  now represented as a process  of t h e  s e l f r e g u l a t i o n  of t h e  co r t ex  
through t h e  subcor t i ca l  formations by means of d i r e c t  and feedback loops.  

The r epor t  d i scusses  t h e  prospec ts  of i n v e s t i g a t i n g  t h e  high frequency 
components of UG's f o r  t he  diagnosis  of t h e  s t a t e  of t h e  bra in ;  t h e  automa- 

i n  t h e  ana lys i s  of t h e  electrograms of var ious ' r l eve ls"  of t he  c e n t r a l  ner-  
vous system; methods of  coding t h e  d a t a  of e l ec t rophys io log ica l  i nves t iga -  
t i o n s ,  and f o r  telemetei5ng them t o  t h e  e l e c t r o n i c  computer. 

t i o n  of e lec t ronarcos is ;  t h e  appl ica t ion  of  s eve ra l  p r o b a b i l i t y  methods /s 
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THE USE OF PUNCHED CARDS I N  ANALYSIS OF PHONOCARDIOGRWHIC MATERIAL 

V. G. Mel'nikov 

The work i s  concerned with t h e  app l i ca t ion  of punched cards  i n  t h e  ana lys i s  
of phonocardiograms of acquired card iac  de fec t s .  This  t o p i c  i s  p a r t  of t h e  
genera l  problem of e s t a b l i s h i n g  a cybernet ics  cen te r  f o r  t h e  needs of medicine. 
The punched cards  i n  t h e  form of  a s i n g l e  document f o r  t h e  phys ic ian  and f o r  
t h e  machine w F l l  make it poss ib l e  t o  mechanize and automate t h e  processes  of 
co l l ec t ing ,  s t o r i n g  and analyzing medical information. 

The ana lys i s  of t h e  phonocardiographic ma te r i a l  does not  d i f f e r  substan- 
t i a l l y  from various o ther  searches,  whose purpose i s  t o  s e l e c t  u s e f u l  informa- 
t i o n  from a l a r g e  number of d i f f e r e n t  problems. 

The work descr ibes  t h e  punched card system f o r  analyzing phonocardiogra- 
ph ic  information. A c l a s s i f i c a t i o n ,  nomenclature and terminology a r e  deve- 
loped. A d i c t iona ry  i s  composed f o r  t he  elements of t h e  phonocardiogram f o r  
coding t h e  i n i t i a l  ma te r i a l .  

3 



EQUIPMENT SOLUTIONS FOR THE ANALYSIS OF THE GENEBATED REPLY 

B. A. Fomin, V. G. Uvarov, S. M. Grigorovich and 
A. G. Skripnikov 

It i s  wel l  known t h a t  t h e  b ra in  p e r t a i n s  t o  a c l a s s  of "large systems" 
and t h e  observation of a l l  i t s  parameters i s  not f e a s i b l e  a t  t h e  present  t ime. 
Because only ind iv idua l  va r i ab le  parameters of t h i s  system a re  access ib le  t o  
observation, many mechanisms of t h e  b ra in  have not  been discovered t o  da t e .  
Therefore, t h e  s e l e c t i o n  of t h e  most informative va r i ab le s  of t h e  system f o r  
purposes of i nves t iga t ion  becomes p a r t i c u l a r l y  e s s e n t i a l .  

One of such c h a r a c t e r i s t i c s  f o r  the  b r a i n  i s  t h e  induced r e p l y  t o  adequate 

because it is  p a r t i a l l y  unfolded on t h e  background of t he  "spontaneous a c t i v i t y "  
of t h e  b r a i n ,  which d i s t o r t s ,  masks and sometimes conceals it completely. 
t h i s  sense the  i s o l a t i o n  of induced r e p l i e s  of t h e  b r a i n  from t h e  background 
of t he  general  EEG's i s  a s p e c i a l  case of t h e  bas i c  problem of information 
theory-- the t ransmission of communications i n  t h e  presence of no ise .  

and inadequate s t imu la t ion .  A f i n e  ana lys i s  of t h i s  r e p l y  i s  d i f f i c u l t ,  /6 
I n  

None of t h e  methods developed i n  recent  t imes f o r  t h e  de t ec t ion  of s i g -  
na l s  i n  noises ,  f o r  example, t h e  method of s t a t i s t i c a l  hypotheses with the  
Neuman-Pearson o r  Val 'da c r i t e r i a ,  t h e  optimum l i n e a r  f i l t r a t i o n  using any of 
t h e  ope ra to r ' s  'w; ,f y ( t ) u ,  ( t ) d t ;  u,(t-A.t); nrc,(t), 

0 

cannot be appl ied d i r e c t l y  i n  t h i s  case.  
t h a t  t h e  induced r e p l y  i s  developed on a 
i s  co r re l a t ed  with t h e  induced r ep ly .  A 

The problem i s  complicated by the  f a c t  
background of ' 'colored" noise ,  which 

s a t i s f a c t o r y  so lu t ion  i s  poss ib le  by 
imposing add i t iona l  l i m i t a t i o n s  on the  i s o l a t e d  s i g n a l .  

Two versions of a se tup  a r e  proposed (analog and d i g i t a l ) ,  t o  ob ta in  an 
averaged induced r e p l y  with a suppression of a l l  random components. Both 
vers ions have l ine- type  t ransmission bands corresponding t o  t h e  l i n e  spectrum 
of the  pe r iod ic  s i g n a l .  This matching produces a l a r g e  gain i n  t h e  s igna l - to-  
noise r a t i o .  The setups a re  s u f f i c i e n t l y  simple and can be manufactured by 
ou r , indus t ry .  

A s  an i l l u s t r a t i o n  of t h e  operat ion of t h e  d i g i t a l  setup,  t h e  averaged 
r ep ly  of t he  v i s u a l  region of t h e  co r t ex  of t h e  l a r g e  hemispheres of t h e  bra in  
a r e  shown a f t e r  t h e  s t imula t ion  of d i f f e r e n t  conductive s t r u c t u r e s  of t h e  
v i s u a l  system. 
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SIMULATION OF THE REORGANIZATION MECHANISM OF RECEPTIVE FIELDS 

V.  G. Uvarov 

It i s  known t h a t  t h e  func t iona l  u n i t  of t h e  r e t i n a  i s  t h e  recept ive  
f i e l d ,  when t h e  r e t i n a  adapts i t s e l f  t o  a d e f i n i t e  l i g h t  background the  recep- 
t i v e  f i e l d s  a re  reorganized. 

The purpose of t h e  work i s  t o  produce a model of t h i s  phenomenon on t h e  
b a s i s  of morphophysiological d a t a  on t h e  s t r u c t u r e  and func t ions  of t h e  r e t i n a  
a s  a whole and of i t s  ind iv idua l  elements.  The i n t e r n a l  loops of t h e  model 
a r e  e s t ab l i shed  i n  accordance with t h e  morphology of t h e  r e t i n a .  The e l e -  
ments of t h e  r e t i n a  a r e  divided i n t o  two d e f i n i t e  c l a s ses  based on c e r t a i n  
c r i t e r i a .  The p rope r t i e s  of t h e  elements of one of t hese  c l a s ses  a re  
s u f f i c i e n t l y  wel l  known and serve as t h e  b a s i s  f o r  s imulat ion.  The p rope r t i e s  
of t h e  other  have been much l e s s  inves t iga ted ;  t he re fo re ,  t h e i r  s e l ec t ion  f o r  
t h e  model i s  r a t h e r  hypothe t ica l  and proceeds from t h e  func t ioning  of t h e  
r e t i n a  a s  a whole. 

/7 

The operat ion of such a model i s  examined when t h e  input  s i g n a l  is var ied .  
The model cons i s t s  of a program block diagram f o r  an e l ec t ron ic  d i g i t a l  com- 
putor  and serves  t o  transform t h e  input  s i g n a l  "background i l lumina t ion"  i n t o  
a s p a t i a l  t ime-pulse code. When such a code i s  present  a t  t h e  output of t h e  
model, it i s  necessary t o  scan t h e  input  s i g n a l  i n  a manner s imi l a r  t o  t h a t  
c a r r i e d  out by t h e  r e t i n a .  This i s  accomplished by a s p e c i a l  p rograming 
u n i t .  The inves t iga t ion  of such a model w i l l  be use fu l  i n  solving a s e r i e s  
of problems assoc ia ted  with t h e  recept ion  and processing of o p t i c a l  informa- 
t i o n .  With t h i s  model we can inves t iga t e  t h e  recept ion  of an image by over- 
lapping recept ive  u n i t s  i n  t h e  presence of scanning according t o  a d e f i n i t e  
law, t h e  d i f f e rence  between moving and s t a t i o n a r y  images, e t c .  

5 



. .. .... . . . .. -. .- 

A SYSTESI OF INPUT DEVICES FOR THE AUTOMATIC ANALYSIS OF PHYSIOLOGICAL 
CHARACTERISTICS BY i"S OF AN ELECTRONIC COMPUTER 

Ye. A. Shkabara, Yu. S. Rubashev and V. M. Kharchenko 

I n  order  t o  u t i l i z e  modern mathematical methods and e l e c t r o n i c  computers 
t o  process and analyze biomedical experimental  da t a ,  it i s  necessary t o  have 
s p e c i a l  devices  f o r  coding these  da t a  and in t roducing  them i n t o  t h e  computer. 

The authors developed a system of devices  which makes it poss ib le  t o  
record,  du r ing ' t he  course of t h e  experiment, on magnetic tape  t h e  Lnvestigated 
physiological  c h a r a c t e r i s t i c s  of t h e  organism and then  t o  introduce t h e  ex- 
per imental  da t a  obtained i n  t h i s  fash ion  i n t o  t h e  e l e c t r o n i c  computer f o r  
ana lys i s  . 

The input system may be used both f o r  t h e  ana lys i s  of t h e  pulse  charac- 
t e r i s t i c s  (pu l se  a c t i v i t y  of neurons) and f o r  continuous c h a r a c t e r i s t i c s  
(electroencephalograms, e lectrocardiograms,  recordings of blood pressure ,  e t c  .) . 

The e l e c t r i c  pu l sa t ion  of neurons i s  recorded on magnetic tape  i n  t h e  
form of successive rec tangular  pu lses .  The e l e c t r o n i c  d i g i t a l  computer i s  
fed  with binary numbers, which spec i fy  t h e  d i s t ances  between t h e  successive 
pulses .  The magnitude of t hese  i n t e r v a l s  i s  computed by a s p e c i a l  counter of 
t h e  input  system, using s tandard time i n t e r v a l s .  

Continuous ind ica to r s  a r e  recorded on t h e  magnetic tape  by using (8 
pulse  modulation with a c a r r i e r  frequency of 10 kc. The counter of t h e  input 
device measures t h e  number of c a r r i e r  frequency pulses  during t h e  standard 
i n t e r v a l s  of t ime. Then these  binary numbers, which a re  propor t iona l  t o  the  
amplitude of t h e  recorded curve, a r e  introduced i n t o  t h e  e l ec t ron ic  d i g i t a l  
computer. I n  t h i s  case t h e  input  device performs two func t ions  simultaneously: 
i t  serves  as a demodulater and as an ana log-d ig i ta l  converter .  

The standard i n t e r v a l s  of time may be obtained e i t h e r  by means of a 
s p e c i a l  geiierator i n  t h e  input  device o r  by t h e  simultaneous recording of time 
and of experimental  da t a  on t h e  magnetic t a p e .  This  method e l imina tes  e r r o r s  
whlch may a r i s e  due t o  t h e  acce le ra t ion  and detonat ion of t h e  taped t r a n s f e r  
mechanism. 

The system uses a p rec i s ion  t ape  t r a n s f e r  mechanism and a magnetic tape  
6.3 mm wide. The recording is  synchronous and uses  5 t r a c k s .  One of these  i s  
used t o  record t h e  s t imula t ion  used i n  t h e  experiment, t h e  o the r s  a r e  used 
t o  record t h e  pulse  and continuous phys io logica l  c h a r a c t e r i s t i c s ,  which a r e  
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subsequently analyzed sepa ra t e ly  and toge ther ,  using an e l e c t r o n i c  d i g i t a l  com. 
pu te r  programed accordingly.  

The input  system i s  connected t o  the  e l e c t r o n i c  d i g i t a l  computer and i s  
con t ro l l ed  by it during opera t ion .  During adjustment t h e  opera t ion  may be 
autonomous and con t ro l l ed  from t h e  ind iv idua l  panel .  The t o t a l  e r r o r  of t h e  
inpu t  system does not  exceed 3-4 percent .  

The device w a s  used t o  analyze var ious phys io logica l  c h a r a c t e r i s t i c s  
during t h e  per iod of 1963-1964, using the  "Kiev" e l e c t r o n i c  d i g i t a l  computer. 
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THE APPLICATION OF MATHEMATICAL METHODS I N  ANALYZING CERTAIN PHYSIO- 
LOGICAL CHARACTERISTICS 

M. A. K a i k o v  and Ye. A. Shkabara 

A s tudy of t h e  i n t e r a c t i o n  of processes  which t a k e  p lace  i n  a l i v i n g  
organism requ i r e s  a s tudy of t h e  dynamics - o f  modern physiology and medicine 
and t h e  processing of a . l a r g e  amount of s t a t i o n a r y  and t r a n s i e n t  information. 

With modern mathematical methods and by automation of information co l -  
l e c t i o n  and processing,  t ak ing  i n t o  account t h e  s p e c i a l  na ture  of t h e  formu- 
l a t e d  problems, w e  can obta in  r e l i a b l e  d a t a  on t h e  v a r i a t i o n  i n  t h e  parameters 
of t hese  processes .  

Some experience has been accumulated i n  t h e  so lu t ion  of such problems by 
t h e  Physiological  Cybernetics group of t h e  I n s t i t u t e  of Physiology of AN UkSSR. 
This  experience includes t h e  fol lowing:  

1. The automatic ana lys i s  of t h e  d i s r u p t i o n  of card iac  rhythm and /9 
t h e  amplitude-time i n t e r p r e t a t i o n  of t h e  electrocardiogram. 

A str ip of t h e  electrocardiogram w a s  analyzed f o r  a per iod of 4-5 sec  
by means of t h e  "Kiev" e l e c t r o n i c  d i g i t a l  computer. A s p e c i a l  algorithm and 
program were prepared f o r  t h i s  purpose. A s  a r e s u l t  of t h e  ana lys i s  t h e  am- 
pli tude-frequency c h a r a c t e r i s t i c s  of t h e  notches and t h e  i n t e r v a l s  of ECG's  
were p r in t ed  out ,  as wel l  as t h e  c h a r a c t e r i s t i c s  of t h e  notch form P and one 
o r  s eve ra l  of t he  13 poss ib l e  diagnoses f o r  t h e  d i s rup t ion  of card iac  rhythm 
o r  a s i g n a l  showing t h e  necess i ty  of cont inuing t h e  inves t iga t ions .  
ana lys i s  of a s e r i e s  of E C G ' s  has shown good c o r r e l a t i o n  between t h e  r e s u l t s  
and t h e  d a t a  obtained by manual i n t e r p r e t a t i o n  as we l l  as a s u b s t a n t i a l  eco- 
nomy of time (Kulikov, Sledzevskaya, 1962). 

An 

2. Autocorrelat ion,  i n t e r c o r r e l a t i o n  and s p e c t r a l  ana lys i s  of t h e  e l ec -  
troencephalogram. 

Sect ions of t h e  EEG's taken from d i f f e r e n t  regions of r a b b i t  co r t ex  
were inves t iga t ed  f o r  t h e  purpose of determining t h e  degree of a s s imi l a t ion  of 
t h e  rhythm produced by l i g h t  s t imula t ion .  Sect ions of EEG's obtained from 
d i f f e r e n t  regions of t h e  co r t ex  before  and during s t imula t ion  were introduced 
i n t o  t h e  machine. The machine conducted an ana lys i s  i n  accordacce with a 
s p e c i a l l y  prepared program and p r in t ed  out t h e  graphs of au tocorre la t ion ,  i n t e r -  
c o r r e l a t i o n  and s p e c t r a l  func t ions .  The ana lys i s  of t h e  r e s u l t  showed t h e  
s u i t a b i l i t y  of t hese  methods f o r  determining t h e  degree of a s s imi l a t ion  of t h e  
forced rhythm (Kulikov, Khozyainova, Z la t in ,  1964). 
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3. The determination of t h e  degree of synchronization of two o r  severa l  
regions of t h e  EEG's.  

The numerical f a c t o r  charac te r iz ing  t h e  degree of synchronization of two 
regions of t h e  EEG i n  t h e  process of developing a conditioned r e f l e x  i n  a 
dog was determined. The inves t iga ted  sec t ion  of t h e  E E G ' s  was introduced i n t o  
t h e  e l ec t ron ic  d i g i t a l  computer, which p r i n t e d  out t h e  des i red  quant i ty .  A 
s ec t ion  of t h e  E E G ' s ,  25 cmlong, was analyzed by t h e  machine i n  l e s s  than 1 
min with a high degree of accuracy (Yarovitskiy,  Dumenko, 1963). 

4. The mathematical ana lys i s  of t h e  pulse  a c t i v i t y  of c e n t r a l  neurons. 

The e l ec t ron ic  d i g i t a l  computer was used t o  inves t iga t e  t h e  r e g u l a r i t y  
of c e n t r a l  neuron pu l sa t ions  f o r  t h e  purpose of obtaining the  c h a r a c t e r i s t i c s  
of t h e i r  backgrounds and induced a c t i v i t y .  The impulse a c t i v i t y  was con- 
s idered a s  t h e  nonstat ionary case of t h e  flow of homogeneous events with a 
per iodic  d r iv ing  func t ion .  The recording on t h e  magnetic tape  of t h e  pulse  
a c t i v i t y  of ca t  neurons was introduced i n t o  t h e  computer by using t h e  un ive r sa l  
input device developed by Shkabara and Rubashev (1963). The i n t e r v a l s  of time 
between the  successive pulses  before and a f t e r  s t imula t ion  were examined. It 
was es tab l i shed  tha t ,  t h e r e  i s  a s t a t i o n a r y  d i s t r i b u t i o n  of pulse  i n t e r v a l s  f o r  
background a c t i v i t y .  A c l e a r  grouping of t h e  pulse  generation per iod and i t s  
va r i a t ion  under s t imula t ion  was es tab l i shed .  The method of superposi t ion was 
used t o  obtain a c l e a r  i s o l a t i o n  of neuron r ep ly  t o  s t imulat ion 
(Yarovitskiy,  Preobrazhenskiy, Velikaya, 1963; 1964). 

/10 

5. Analysis of psychological t e s t s .  

Several  groups of heal thy and psychic ind iv idua ls  were used t o  conduct a 
comparative ana lys i s  of t h e i r  response t o  t e s t s  conducted using t h e  speech-motor- 
i a l  method. The method of nonparametic s t a t i s t i c s  w a s  used i n  t h e  inves t iga-  
t i o n s  because, due t o  t h e  small  number of observat ion and t h e i r  l a rge  va r i a -  
b i l i t y ,  t h e  appl ica t ion  of conventional methods of s t a t i s t i c a l  ana lys i s  was 
unsuccessful.  

By using t h e  Van-der-Varden c r i t e r i o n  it was poss ib le  t o  e s t a b l i s h  a 
s u b s t a n t i a l  d i f f e rence  i n  t h e  t e s t  r e s u l t s  of var ious groups, t o  group t h e  
t e s t s  according t o  t h e i r  degree of d i f f i c u l t y  and t o  give an approximate 
quan t i t a t ive  evaluat ion of t h e  number of e r r o r s  of d i f f e r e n t  types i n  each 
group (Kulikov, Rushkevich, 1963). 
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COMPREHENSIVE ANALYSIS OF EEG 's 

V. A. Nazarov 

The complete automation of processing of experimental  da t a  by means of 
an e l ec t ron ic  d i g i t a l  computer i s  an important problem i n  electroencephalo- 
graphy. To solve t h i s  problem V.  M. Anan'yev proposed a multi- input ampli- 
tude analyzer t o  record information from electroencephalographs on a mag- 
n e t i c  tape  and a marker s e l e c t o r  assoc ia ted  d i r e c t l y  with t h e  e l ec t ron ic  
d i g i t a l  computer. 
t o  t h e  "Ural-2" e l e c t r o n i c  d i g i t a l  computer from a marker s e l ec to r .  

We developed s p e c i a l  u n i t s  t o  introduce t h i s  information 

It w a s  poss ib l e  not only t o  s impl i fy  and acce le ra t e  t h e  processing of 
i n i t i a l  da t a  s u b s t a n t i a l l y ,  but a l s o  t o  ca r ry  out a comprehensive ana lys i s  
of EEG's,  s imultaneously with many t e s t  l eads .  

The comprehensive ana lys i s  of t h e  EEG's inc ludes  t h e  determination of a 
whole s e r i e s  of c h a r a c t e r i s t i c s  f o r  each lead .  The respec t ive  programs make 
it poss ib le  t o  obta in  : 

1. 

2 .  

3 .  

4. 
5 .  

It 

the  t o t a l  b i o e l e c t r i c  a c t i v i t y  f o r  t h e  inves t iga t ed  sec t ion  of t h e  
EEG's and t h e  b i o e l e c t r i c  a c t i v i t y  corresponding t o  d i f f e r e n t  f r e -  
quency ranges of EEG's;  
t h e  amplitude d i s t r i b u t i o n  of t h e  e n t i r e  s ec t ion  of EEG's and 
of i nd iv idua l  frequency ranges; 
t he  s t a t i s t i c a l  d i s t r i b u t i o n  of i n t e r v a l s  of t h e  s t r e s s  curve on 
t h e  EEG' s ;  
Ind ices  cha rac t e r i z ing  t h e  bas ic  rhythm of EEG' s ;  
t he  co r re l a t ion  c o e f f i c i e n t s  of t h e  r e spec t ive  channel with r e -  
maining l eads .  

i s  a l s o  poss ib l e  t o  obta in  o ther  c h a r a c t e r i s t i c s  of t h e  /11 
electroencephalogram. 

The r e s u l t s  of t h e  d a t a  processing a re  p r i n t e d  i n  d i g i t a l  form and then  
recorded as graphs and t a b l e s  on s p e c i a l  forms f o r  f u r t h e r  ana lys i s .  
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METHOD OF ANALYSIS AND MAGNETIC RECORDING OF MANY ELECTROGRAMS 
FOR AUTOMATIC INTRODUCTION OF INFORMATION INTO THE 

ELECTRONIC DIGITAIL COMPUTER 

V. M. Anan'yev 

There i s  no doubt t h a t  modern computer technology should be used f o r  
processing biomedical da ta .  Computer technology becomes p a r t i c u l a r l y  s i g n i f i -  
cant  i n  processing d a t a  obtained by measuring b i o e l e c t r i c  p o t e n t i a l s  a t  many 
po in t s .  However, the  e x i s t i n g  methods f o r  t he  simultaneous recording of many 
s igna l s  on the  corresponding number of t r a c t s  have not made it poss ib le ,  t o  
da te ,  t o  f ind  simple methods f o r  feeding such information au.tomatically i n t o  
an e l e c t r o n i c  d i g i t a l  computer. 

The complexity of t h i s  problem i s  not assoc ia ted  wi th  the  d i f f i c u l t y  of i t s  
so lu t ion  i n  p r i n c i p l e ,  which i s  e n t i r e l y  f e a s i b l e  wi th  modern technology. 
i s  much more d i f f i c u l t  t o  f ind  a complete, s u f f i c i e n t l y  simple and gene ra l ly  
convenient s o l u t i o n  which would f a c i l i t a t e  wider use of computer technology. 
I n  a l l  p r o b a b i l i t y  w e  have been su ces s fu l  i n  f ind ing  a s a t i s f a c t o r y  s o l u t i o n  
t o  t h e  problem of the  automatic i n t roduc t ion  of information i n t o  computers by 
genera l ly  convenient means. 

It 

The un ive r sa l  mul t i - input  ana lyzer  of electrograms wi th  magnetic recording 
c o n s i s t s  of s eve ra l  bas i c  u n i t s .  The input  commutating p a r t  of t h e  ana lyzer  
makes i t  poss ib l e  t o  c o l l e c t  a l l  t h e  input  s i g n a l s  i n t o  one genera l  t r ack .  
There are 30 inputs  i n  the  constructed analyzer ,  which i s  a s u f f i c i e n t  quan t i ty  
f o r  operat ing wi th  t h e  e x i s t i n g  multichannel e l ec t rophys io log ica l  i n s t a l l a t i o n s .  
The common t r a c k  i s  suppl ied wi th  transformed s igna l s  i n  t h e  form of c a r r i e r  
pu lses  modulated i n  amplitude by the  input  s i g n a l s .  

The frequency of commutation determines the  number of f ixed  o rd ina te s  p e r  
second p e r  s i g n a l .  During the  per iod  of one commutation cycle  the common 
t r ack  contains  a s t r i c t  sequence of a l l  s i g n a l s ,  and t h i s  sequence i s  repeated 
p e r i o d i c a l l y  wi th  a given frequency. The commutation frequency i n  the  analy- 
zer  i s  100 p e r  secjwhich makes it poss ib l e  t o  record s i g n a l s  w i th  a frequency up 
t o  50 cps. A l l  c a r r i e r  pu lses  a r e  f ed  i n  a d e f i n i t e  sequence t o  t h e  second 
u n i t  of t h e  analyzer--the amplitude-time converter .  This conver te r  i s  bas ic  
t o  a l a r g e  number of modern amplitude analyzers .  However, t hese  ana lyzers  are 
seldom used f o r  the  simultaneous ana lys i s  of a l a r g e  number of e lectrograms;  /12 
t h i s  r equ i r e s  modif icat ion.  I n  t h e  amplitude-time conver te r  t h e  value of  t h e  
c a r r i e r  pu l se s  i s  converted i n t o  t h e  propor t iona l  du ra t ion  of  in te rmedia te  
pulses .  Depending on t h e i r  dura t ion ,  t h e  output  of t h e  conver te r  produces t h e  
corresponding number of counting pulses .  
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I n  our  ana lys i s  of  s i g n a l  magnitude w e  achieve an accuracy of  3 percent  
wi th  30 d i f f e r e n t  s i g n a l  l e v e l s .  The pu l ses  are counted i n  t h e  t h i r d  u n i t  of 
t h e  analyzer--a f i v e - d i g i t  f l i p - f l o p  counter.  The r e s u l t s  are presented a t  t h e  
output  of t h e  ana lyzer  i n  t h e  form of a conventional b inary  code. 

We introduced marker s i g n a l s  i n t o  the  common code, so t h a t  during the  sub- 
sequent machine processing the re  i s  a re l iab le  sepa ra t ion  of s i g n a l s  i n  t h e  
genera l  mass of numbers. These markers are used t o  feed  t h e  code pu l ses  i n t o  
the  memory of  t h e  machine. For t h e  subsequent s epa ra t ion  of  cyc les  from each 
o t h e r  w e  introduced auxiliary pu l ses  i n t o  t h e  common code--cycle markers which 
i n d i c a t e  the  beginning of  each cycle .  All of  these  marker s i g n a l s  from t h e  
output  of t h e  analyzer  are recorded on one t r a c k  of magnetic tape. 

The ana lyzer  u t i l i z e s  the  type MAG-59 tape recorder ,  which after p a r t i a l  
modif icat ion g ives  a recording d e n s i t y  of approximately 25 pu l ses  p e r  mm. 

To achieve automatic i n t roduc t ion  of information i n t o  t h e  memory system 
of the  e l e c t r o n i c  d i g i t a l  computer, we developed a marker s e l e c t o r  placed next 
t o  the  machine. From t h e  magnetic recording a l l  elements of  t h e  common code 
are d i s t r i b u t e d  along ind iv idua l  channels: cycle  markers, s i g n a l  markers and 
d i g i t a l  markers. The s e l e c t o r  has .seven output  marker channels:  cycle  markers, 
s i g n a l  markers and f i v e - d i g i t  markers. These channels are connected t o  t h e  
s p e c i a l  input  device of the  machine i n  o rde r  t o  introduce t h e  information i n t o  
the  memory system i n  the form required f o r  normal ope ra t ion .  For t h e  " U r a l - 2 "  
e l e c t r o n i c  d i g i t a l  computer a device of t h i s  type has  been developed by V. A. 
Nazarov. A s imi la r  device can be constructed f o r  o t h e r  e l e c t r o n i c  d i g i t a l  
computers. 

We hope t h a t  the  design of a mult i - input  ana lyzer  w i l l  f u r t h e r  t h e  i n t r o -  
duct ion of modern computer technology i n t o  genera l  biomedical p r a c t i c e .  
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STANDARDIZATION OF SEVERAL METHODS OF PROCESSING BIOMEDICAL 
DATA BY MEANS OF AN ELECTRONTC DIGITAL COMPUTER 

V. S. Grinev, E. V .  Kalinina,  R .  N. Lazareva and N. A. Troi tskaya 

The s t a t i s t i c a l  processing of experimental r e s u l t s  i s  very s i g n i f i c a n t  
i n  biomedical l abo ra to ry  p r a c t i c e .  Although t h i s  processing i s  ca r r i ed  out  
using simple mathematical methods, it i s  time-consuming. The following prob- 
l e m s  occur most f requent ly :  

/13 

1. comparison of two groups of ob jec t s  on the  b a s i s  of one or s e v e r a l  
q u a n t i t a t i v e  symptoms (comparing standard values t o  experimental  va lues) ;  

2. eva lua t ion  of c o r r e l a t i o n  between two q u a n t i t a t i v e  or q u a l i t a t i v e  
f a c t o r s  ; 

3 .  evalua t ion  of the  parameters of l i n e a r  regress ion  ( the  method of root-  
mean-squares) . 

The f i rs t  problem may be solved by means of s t a t i s t i c a l  c r i t e r i a  (Student,  
Wilkinson, x and X2 c r i t e r i a ) ,  the  second and t h i r d  a re  solved by the  known 
methods of c o r r e l a t i o n  and regress ion  ana lys i s .  

For the  continuous s o l u t i o n  of these  problems a group of s tandard programs 
f o r  the  "Ural-2" e l e c t r o n i c  d i g i t a l  computer has been prepared. I t s  use re -  
duces the  t i m e  of s t a t i s t i c a l  a n a l y s i s  by a f a c t o r  of s eve ra l  t e n s .  The r epor t  
p resents  s impl i f ied  block diagrams of the  programs and a s e r i e s  of examples of 
t h e i r  app l i ca t ion  i n  medical i nves t iga t ions .  



A SYSTEM OF EQUIPMENTS FOR THE QUANTITATIVE INVESTIGATION OF CARDIAC ACTION 

V .  A. Lishchuk, E. A. Beregovskiy and A. A. Gorbach 

A system of equipments w a s  developed f o r  t he  purpose of determining ex- 
)e r imenta l ly  t h e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  of t he  h e a r t  opera t ing  i n  a s t a t e  
If automatism. 

The 27 experiments conducted t o  da te  c l a r i f i e d  many of t h e  shortcomings of 
.he phys io logica l  methods, t he  methods of  analyzing d a t a ,  t h e  f a i l u r e  of e x i s t -  
.ng equipment t o  s a t i s f y  t h e  requirements of prolonged experiments and t h e  re- 
ord ing  of many va r i ab le s  and t h e i r  q u a n t i t a t i v e  processing.  

The following equipment w a s  used i n  the  experiments: an EM2-01 manometer 
two u n i t s ) ,  a "Galileo" manometer (one u n i t ) ,  a "Galileo" electrocardiograph,  
,n IR-1 flow meter,  thermis tor  thermocouples,an N-TOO galvanometer osc i l lograph ,  

US 48-02 recorder ,  a "Galileo" recorder  and o t h e r  devices .  

The r epor t  g ives  an ana lys i s  of the  d e f i c i e n c i e s  of t h e  equipment and t h e  
equirements f o r  new devices  i n  accordance wi th  our  experience.  

I n  add i t ion ,  t h e  problems of analyzing experimental  d a t a  by means of  
l e c t r o n i c  d i g i t a l  computers a r e  considered. 
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THE EXPERIMENTAL DETERMINATION OF CHARACTERISTICS NECESSARY FOR THE 
OPTIMUM TREATMENT OF CARDIAC DISORDERS 

N .  M. Amosov, V. A.  Lishchuk, 0. I .  Lissova, 
S. A.  Pa tsk ina  and B. A. Beregovskiy 

I n  t h e  department of Bio logica l  Cybernetics of t h e  Ins tF tu t e  of Cyber- /14 
n e t i c s  of t h e  Ukrainian Academy of Sciences t h e o r e t i c a l  and experimental work 
i s  being c a r r i e d  on t o  optimize t h e  t reatment  of card iac  d i so rde r s  and d i so rde r s  
of t h e  c i r c u l a t o r y  system. 

To solve t h i s  problem, it i s  most important t o  determine t h e  algorithm 
of cardiac behavior, i . e . ,  a mathematical desc r ip t ion  of t he  hea r t  a s  a complete 
func t iona l  organ. 

Work on t h e  determination of t h e  cardiac algorithm i s  divided i n t o  four  
s tages :  

1. t h e  determination of t h e  q u a l i t y  and quant i ty  of t h e  necessary 

2 .  t he  ex t r ac t ion  of t h i s  information i n  experiments; 
3. t h e  processing and analyzing of da ta ;  
4.  t he  pe r fec t ion  of t h e  model thus  obtained by comparison with t h e  

prototype.  

information ; 

I n  view of t h e  extreme complexity of t h e  cardiac system as  a whole it i s  
not poss ib l e  t o  s imulate  it experimentally a t  t h i s  t ime. Therefore,  it i s  
necessary t o  introduce l i m i t a t i o n s  t o  make t h e  formulated problem r e a l .  The 
authors have se l ec t ed  l i m i t a t i o n s  under which only t h e  automatic card iac  ac- 
t i o n  i s  considered, without t h e  con t ro l  e f f e c t  of t h e  organism on t h e  condi- 
t i o n s  of normal loading and without pathology. These condi t ions a re  r e a l i z -  
able  i n  t h e  cardiopulmonary prepara t ion .  

I 
Approximately 30 experiments have been conducted t o  d a t e .  



APPLICATION OF CORRELATION METHODS FOR THE INVESTIGATION 
OF THE CARDIOVASCULAR SYSTEM 

K. P. Buteyko, Ye. N. Karyshev and B. S. S in i t syn  

Many phenomena which take  p lace  i n  t h e  b i o l o g i c a l  sub jec t s  have a ran- 
dom nature .  Their  v a r i a t i o n  i s  not e n t i r e l y  r egu la r  and a s t r i c t  mathematical 
desc r ip t ion  may only be given by using t h e  theory  of random funct ions .  

I n  p a r t i c u l a r ,  such random processes  include electrocardiograms,  /15 
bal l is tocardiograms and phonocardiograms of man. The presence of deviat ions.  
from the  norm a r e  c o r r e c t l y  e s t ab l i shed ,  not from indiv idua l ,  r a t h e r  random 
v a r i a t i o n s  of t h e  cardiograms but  from t h e i r  s t a t i s t i c a l  c h a r a c t e r i s t i c s ,  by 
using, f o r  example, c o r r e l a t i o n  func t ions .  

For t r u e  s t a t i s t i c a l  processing of cardiogram d a t a  s p e c i a l  equipment i s  
required--automatic c o r r e l a t o r s .  Some of t h e s e  make it poss ib l e  t o  process 
graphic recordings,  o the r s  a r e  designed t o  determine t h e  s t a t i s t i c a l  charac- 
t e r i s t i c s  d i r e c t l y  dur ing  t h e  experiment. 

The use of c o r r e l a t o r s ,  which i n  t h e i r  most developed form represent  
var ious data-handl ing systems, provides  f o r  high process ing  speed and high 
r e l i a b i l i t y  i n  t h e  c r i t e r i a  obtained f o r  t h e  s t a t e  of t h e  organism. 

The appl ica t ion  of s t a t i s t i c a l  p rocess ing  of bal l is tocardiograms by 
means of t h e  known algorithm f o r  determining t h e  c o r r e l a t i o n  has e s t ab l i shed  
c r i t e r i a  f o r  t h e  d i s rup t ion  of card iac  a c t i v i t y  produced by m i t r a l  s t e n o s i s .  
The ex ten t  of t h e  d i sease  can be evaluated from t h e  damping r a t e  of t he  quasi-  
pe r iod ic  component with a frequency 5-6 t imes g rea t e r  than  t h e  frequency of 
cardiac pu l sa t ion .  

The second poss ib l e  c r i t e r i o n  f o r  t h e  ex ten t  of analogous d i seases  i s  
t h e  damping r a t e  of t h e  peaks of c o r r e l a t i o n  func t ions ,  which o c c w  wlth a 
frequency equal t o  t h e  frequency of card iac  cont rac t ions .  

The u t i l i z a t i o n  of t h i s  c r i t e r i o n  may a l s o  be based on a s impler  method 
of determining t h e  p r o b a b i l i t y  of coincidence o r  noncoincidence of t h e  s igns  
of t he  t e s t  bal l is tocardiogram. 
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INVESTIGATION OF THE METHODS OF AUTOMATIC PROCESSING OF 
ELECTROENCEPHAL 0c;RAMS 

A. M. Zhdanov 

Electroencephalography i s  one of t h e  bas ic  methods of i n v e s t i g a t i n g  t h e  
a c t i v i t y  of t h e  c e n t r a l  nervous system of man. The ana lys i s  of t h e  e l e c t r o -  
encephalogram (EEG) i s  a r a t h e r  complex process .  
d i g i t a l  computer w i l l  make it poss ib l e  t o  conduct an automatic ana lys i s  of 
EEG's.  

Appl icat ion of t h e  e l e c t r o n i c  

The present  paper considers  t h r e e  methods of au tomat ica l ly  analyzing 
EEG's by means of an e l e c t r o n i c  d i g i t a l  computer. 

The func t iona l  s t a t e  of t h e  b ra in  may be inves t iga t ed  by recording and 
l a t e r  automatical ly  processing t h e  EEG's. By automatic processing we mean t h e  
determination of t h e  power of t h e  b iocur ren ts  of 6- ,  cy-, f3-rhythms P6, Pa, PB. 

The system f o r  t h e  automatic processing of EEG's cons i s t s  of an l!G 
e l e c t r o n i c  d i g i t a l  computer with an input  device f o r  converting vol tage 
t o  d i g i t a l  form and of a device t o  record t h e  E E G ' s  wi th  a t ime-variable  vol tage  
u = f ( t )  a t  t h e  output ,  which i s  coupled with the  device f o r  convert ing vol tage 
t o  d i g i t a l  form. 

The powers of t h e  6 - ,  a-,  B-rhythms may be determined from t h e  s p e c t r a l  
dens i ty  of t h e  random funct ion ,  which i s  t h e  EEG. The s p e c t r a l  dens i ty  may be 
determined by t h e  fol lowing methods: i n d i r e c t ,  d i r e c t ,  and using analog devices .  

The essence of t h e  i n d i r e c t  method cons i s t s  of t h e  f a c t  t h a t  t h e  s p e c t r a l  
dens i ty  

co 

i s  obtained from t h e  c o r r e l a t i o n  func t ion  
> 

The essence of t h e  d i r e c t  method cons i s t s  of computing t h e  c o e f f i c i e n t s  
of t h e  Four ie r  series for t h e  experimentally obtained EEG's over a f i n i t e  i n -  
t e r v a l  T and t h e  subsequent determinat ion of t h e  s p e c t r a l  d e n s t t y  funct ion sx(cl)K) 
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T 

where 

T 

' ' 8  K Z X  
8, = - *-,I f(x)sin p. dx. 

n 

If t h e  s p e c t r a l  dens i ty  i s  known, it i s  poss ib l e  t o  determine t h e  powers 
t 

of t h e  6 - ,  CY-, f3-rhythms by means of t h e  fol lowing equation 

L L  

P = - - /  * S( (9)dCI). 

U 

The use of analog devices  f o r  ob ta in ing  t h e  s p e c t r a l  dens i ty  i s  ca r r i ed  
out  i n  t h e  following manner. 

The EEG [x ( t ) ]  i s  appl ied t o  t h e  input  of t he  e l e c t r i c  f i l t e r  i n  t h e  
form of a va r i ab le  dc vol tage .  The ca l cu la t ion  of t h e  s p e c t r a l  dens i ty  i s  
reduced t o  t h e  determination of t h e  random funct ion  d i spe r s ion  y ( t )  a t  t h e  
output of t h e  e l e c t r i c  f i l t e r  by t h e  corresponding measurement of t h e  
e l e c t r i c  cur ren t  power 

/17 

These methods were used t o  develop algorithms f o r  t he  ana lys i s  of EEG's. 

The d a t a  on the  automatic processing of t hese  EEG's by d i r e c t  and i n d i r e c t  
methods a r e  presented a s  examples. 

The r e s u l t s  a r e  used t o  draw c e r t a i n  conclusions.  A bibl iography i s  in -  
cluded. 
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AUTOMATIC PROCESSING OF RECORDINGS CHARACTERIZING THE ACTIVITY 
OF THE RESPIRATORY AND CIRCULATORY SYSTEMS AND 

THE WORKING CAPACITY OF MAN 

A. M. Zhdanov 

I n  recent  years  d i g i t a l  computer technology has been widely /17 
introduced f o r  t h e  automation of i n d u s t r i a l  processes  i n  our country.  Elec- 
t r o n i c  d i g i t a l  computers a r e  widely used i n  medicine and biology. 

The c h a r a c t e r i s t i c s  of t h e  r e s p i r a t o r y  and c i r c u l a t o r y  systems and of 
t h e  working capaci ty  of man a r e  e s t ab l i shed  by recording t h e  corresponding 
phys io logica l  func t ions .  During t h e  ana lys i s  of t hese  recordings the re  a r e  
many manual operat ions which r equ i r e  a considerable expenditure of labor .  
The appl ica t ion  of the  e l e c t r o n i c  d i g i t a l  computer f o r  these  purposes w i l l  
make it poss ib le  t o  rep lace  manual operat ions and t o  process t h e  d a t a  auto- 
mat i c a l l y .  

The func t iona l  s t a t e  of t h e  r e sp i r a to ry  and c i r c u l a t o r y  systems and of 
t h e  working capac i ty  of m a n  can be inves t iga ted  by recording and subsequently 
processing t h e  following: electrocardiograms ( E C G ) ;  seismocardiograms (SCG); 
t he  da t a  of pulmonary v e n t i l a t i o n  ( P V ) ;  a r t e r i a l  oscil lograms and pressure  
curves; electromyograms and dynamograms. 

By t h e  automatic processing of recordings corresponding t o  physiological  
func t ions  we mean t h e  automatic in t roduct ion  of da t a  i n t o  t h e  e l ec t ron ic  
d i g i t a l  computer, t h e  performance of necessary measurements and ca l cu la t ions  of 
t he  parameters and c r i%er i a , and  t h e  p r i n t i n g  of t he  r e s u l t s .  The system f o r  
t h e  automatic processing of recorded phys io logica l  func t ions  cons i s t s  of t h e  
following: 

1. an e l e c t r o n i c  d i g i t a l  computer with an input  which transforms 
vol tage i n t o  d i g i t a l  form; 

devices which ca r ry  out  t h e  necessary recordings,  whose outputs  
give t h e  v a r i a t i o n  of vol tage with time u = f ( t )  and which a r e  
connected with t h e  converter  of vol tage t o  d i g i t a l  form. 

2. /18 

The following methods a r e  used f o r  t he  automatic processing of record-  
ings :  t h e  method of successive probes and eva lua t ions  f o r  t h e  determination of 
c h a r a c t e r i s t i c  p o i n t s  and a programed method f o r  measuring t h e  per iods  and 
amplitudes. The ca l cu la t ion  of average values and t h e i r  d i spers ion  i s  car -  
r i e d  out  by means of r ecu r ren t  formulas f o r  mathematical expectat ion and 
d ispers ion .  On t h e  b a s i s  of t hese  methods and equat ions,  algorithms were 
developed f o r  processing these  curves.  
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As an example, data are presented on the automatic processing of E C G ' s .  
The results of the automatic processing of E C G ' s  are compared with the results 
of their manual processing, using the same recordings. Conclusions are drawn 
from the results, and a bibliography is included. 
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APPLICATION OF THE DISPERSION METHOD FOR EVALUATING TKE DATA OF 
PHYSI OL OGI  C AL AND PATHOPHY S I  OL OGI CAL INVEST I GAT IONS 

A. 0. Navakatikyan 

Under n a t u r a l  condi t ions t h e  human and animal organism i s  subjected 
t o  t h e  inf luence of many f a c t o r s .  During phys io logica l ,  pathophysiological ,  
t ox ico log ica l  and o the r  i nves t iga t ions  it i s  f requent ly  necessary t o  c l a r i f y  
t h e  i n t e r r e l a t i o n s  and t h e  i n t e r a c t i o n  of var ious e f f e c t s .  By using cor- 
r e l a t i o n  ana lys i s  we can ob ta in  t h e  q u a n t i t a t i v e  na ture  of t h e  r e l a t i o n  
between two phenomena. However, f o r  t h e  evaluat ion of t h e  simultaneous ac t ion  
of s eve ra l  f a c t o r s  on t h e  same process it i s  more r a t i o n a l  t o  use t h e  d is -  
pers ion  method of s t a t i s t i c a l  ana lys i s  developed by R .  A. F i sher .  This 
method has been used i n  var ious a reas  of technology and biology; however, i n  
phys io logica l  and tox ico log ica l  i nves t iga t ions  it i s  not used s u f f i c i e n t l y .  

I n  our laboratory,  d i spers ion  ana lys i s  i s  appl ied t o  t h e  inves t iga t ion  
of t he  simultaneous e f f e c t  on the  organism of var ious l e v e l s  of temperature,  
oxygen concentration i n  t h e  inha led  a i r  and t h e  degree of phys ica l  exer t ion .  
We es tab l i shed  a measurable combined e f f e c t  of t hese  f a c t o r s ,  i n  p a r t i c u l a r ,  
t h e  e f f e c t  of oxygen ac t ion  as a func t ion  of environmental temperature and 
phys ica l  exer t ion .  I n  a s e r i e s  of cases  the  ac t ion  of oxygen changed due t o  
t h e  e f f e c t  of exe r t ion .  For example, under condi t ions of r e s t ,  when oxygen 
was inhaled,  we noted increased pe r sp i r a t ion ,  while during work it was sub- 
s t a n t i a l l y  reduced. Under normal temperature,  when oxygen w a s  inhaled ,& 
(compared with atmospheric a i r ) ,  t h e r e  was an increase  i n  t h e  sk in  temperature 
of t h e  ches t ,  while a t  a high temperature the re  was a decrease.  

The inves t iga t ion  showed t h a t  when t h e  organism i s  overheated, breath-  
i ng  oxygen may have a use fu l  e f f e c t  on t h e  phys io logica l  processes  (tem- 
pe ra tu re  regula t ion ,  card iac  a c t i v i t y  and t h e  s t a t e  of t h e  nervous system). 
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PROSPECTS OF USING MATHEMATICfi METHODS I N  AVIATION AND 
SPACE MEDICINE 

V.  V .  Par in ,  0. G. Gazenko and N.  A. Chekhonadskiy " 

One of t he  c h a r a c t e r i s t i c s  of modern knowledge i s  t h e  increased /19 
use of mathematical methods i n  var ious f i e l d s  of science,  including biology 
and medicine. The use of t hese  methods i n  av ia t ion  and cosmic medicine a l s o  
shows grea t  promise. 
gated subjec t  and the  presence of a s u b s t a n t i a l  volume of biomedical informa- 
t i o n  i n  t h e  form of q u a n t i t a t i v e  c h a r a c t e r i s t i c s ,  showing t h e  r eac t ion  of 
t h e  b io log ica l  subjec t  on t h e  comprehensive e f f e c t  of ex te rna l  s t imula t ions  
which sometimes approached t h e  l i m i t  of endurance, r equ i r e  constant  monitor- 
i ng  of t he  s t a t e  of t h e  organism. 

The remoteness of t h e  experimenter from t h e  I n v e s t i -  

It i s  of g rea t  i n t e r e s t  t o  develop methods of monitoring t h e  s t a t e  of an 
organism, based on t h e  use of t h e  methods of t h e  theory  of i den t i fy ing  samples. 
I n  t h i s  case the  o r i g i n  of d i sorders  i n  an organism w i l l  apparent ly  be de tec ted  
by an e l ec t ron ic  d i g i t a l  computer, which has been s p e c i a l l y  " t r a ined"  f o r  t h i s  
purpose on t h e  b a s i s  of a l a rge  amount of experimental  d a t a .  I n  e s t a b l i s h i n g  
t h e  mathematical r e l a t ionsh ips  between t h e  e x t e r n a l  s t imula t ions  and t h e  r e -  
ac t ion  of t h e  organism, t h e  methods of s t a t i s t i c a l  dynamics developed i n  the  
theory  of mathematical con t ro l  may be appl icable .  These methods, which pro- 
vide f o r  t h e  determination of a s e r i e s  of mathematical c h a r a c t e r i s t i c s  both 
of t h e  ex te rna l  s t imula t ion  and of t he  subjec t  i t s e l f ,  r equ i r e  t h e  appl ica-  
t ion.  of computer technology. I n  t h i s  connection it w i l l  apparent ly  be pos- 
s i b l e  t o  develop comprehensive methods of i nves t iga t ing  b io log ica l  sub jec t s  
t o  examine the  various i n t e r r e l a t i o n s  between i t s  organs and systems. We 
assume t h a t  t h i s  approach t o  t h e  subjec t  w i l l  p e r f e c t  t h e  methods of inves-  
t i g a t i n g  b io log ica l  processes  and develop r e f ined  methods f o r  t h e i r  ana lys i s .  
Apparently it w i l l  be poss ib l e  t o  achieve t h e  following: 

1. a q u a n t i t a t i v e  evaluat ion of t h e  e f f e c t  of e x t e r n a l  f a c t o r s  /20 
on an organism, when t h e  v a r i a t i o n s  i n  t h e  ind ica to r s  of physiolog- b 

i c a l  func t ions  a re  de tec ted  t o  a very small degree; 

2 .  t he  ca lcu la t ion  of physiological  parameters which cannot be measured m 

d i r e c t l y  i n  a given experiment; 

3 .  t h e  development of methods and of s p e c i a l  equipment f o r  "compressing" 
information, i . e . ,  t h e  r e l e a s e  of t h e  channels of phys io logica l  equip- 
ment when t h e  physiological  i n d i c a t o r s  remain unchanged. 
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I n  a s e r i e s  of cases ,  when i n v e s t i g a t i n g  t h e  dynamics of t he  phys io logica l  
funct ions of an organism, p o s i t i v e  r e s u l t s  may be obtained by using t h e  methods 
of t h e  theory of mathematical con t ro l ,  i n  p a r t i c u l a r ,  t h e  i n t e g r a l  c r i t e r i a  of 
p rope r t i e s  f o r  eva lua t ing  va r i a t ions  i n  a b i o l o g i c a l  con t ro l  system. 

A g rea t  d e a l  of a t t e n t i o n  should be given t o  t h e  appl ica t ion  of mathemat- 
i c a l  simulation i n  av ia t ion  and space medicine. Simulation, a s  it app l i e s  
t o  biology, i s  not an exhaust ive approach f o r  i nves t iga t ing  t h e  b io log ica l  
process  i t s e l f ;  however, it helps  us t o  s tudy some 'of t h e  problems and t o  d e t e c t ,  
even though very approximately, such l a w s  a s  a r e  unobserved i n  conventional I' 

I experiments. 



APPLICATION OF COMPUTER TECHNOLOGY FOR INVESTIGATING CONTROL SYSTEMS 
WHICH INCLUDE MAN 

A. P. Kuz'minov, V. F. Onishchenko, Yu. A. Rozanov, 
and M. M. S i l ' v e s t r o v  

I n  t h e  inves t iga t ion  of con t ro l  systems, inc luding  man, t he  appl ica t ion  
of computer technology i s  most important.  
t h e  accurate  development of i t s  loop elements t o  t ake  i n t o  account t h e  psycho- 
phys io logica l  p o s s i b i l i t i e s  of man. The problems of t h e  r a t i o n a l  s e l ec t ion  of 
t h e  s t r u c t u r e  of t h e  manual con t ro l  system and of t h e  c h a r a c t e r i s t i c s  of i n -  
d iv idua l  elements, t h e  study of t h e  psychophysiological p o s s i b i l i t i e s  of t he  
operator  f o r  executing con t ro l ,  t h e  evaluat ion of t h e  e f f ec t iveness  of t h e  
e n t i r e  system a r e  unthinkable a t  t h e  present  time without t h e  use of simula- 
t i o n .  

The success of con t ro l  depends on 

I n  t h e  inves t iga t ion  of con t ro l  systems, which include man, t he  follow- 
ing  bas ic  problems can be solved by means of computer technology. 

1. The ana lys i s  of t h e  dynamics of a con t ro l  system i n  which manpar t i -  
c ipa t e s .  I n  t h i s  case t h e  given equations of t h e  object  and of t h e  
con t ro l  system a r e  solved i n  t h e  rea l t lme s c a l e ,  using analog com- 
pu te r s  t o  c l a r i f y  t h e  e f f e c t  of bas ic  parameters which cont ro l  
t h e  process .  

/21 

2 .  The synthes is  of con t ro l  systems. This  problem cons i s t s  of s e l e c t -  
ing  t h e  s t r u c t u r e  of t h e  va r i ab le  p a r t  of t h e  system, i t s  charac- 
t e r i s t i c s  and t h e  values  of i t s  parameters, based on assigned tech-  
n i c a l  condi t ions and t h e  known c h a r a c t e r i s t i c s  of t he  operator. 

3 .  The experimental  i nves t iga t ion  of system behavior under labora tory  
condi t ions.  I n  these  inves t iga t ions  p a r t  of t h e  system elements 
a re  r e a l ,  while t h e  operat ion of another p a r t  of t h e  elements i s  
simulated by an analog computer according t o  preassigned equations 
using r ea l - t ime .  

4. The experimental  i nves t iga t ions  of system behavior under labora tory  
condi t ions,  when var ious environmental and f l i g h t  f a c t o r s  r eac t  
on t h e  opera tor  ( load  f a c t o r s ,  hypodynamia, i s o l a t i o n ,  noise ,  
v ibra t ion ,  a i r  mixture,  i l lumina t ion ,  e t c .  ) . 

5. The experimental i nves t iga t ion  of operator  c a p a b i l i t i e s  with d i f -  
f e r en t  con t ro l  system parameters and pe r tu rba t ions ,  when the  con t ro l  
system opera tes  under unique condi t ions.  
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6 .  The reduct ion of operator  c h a r a c t e r i s t i c s  t o  t h e  c h a r a c t e r i s t i c s  of 
t h e  con t ro l  system. This  problem i s  solved by t r a i n i n g  t h e  operator  
by means of t r a i n e r s  and s imulators .  

The inves t iga t ion  of t h e  con t ro l  systems, which include a human operator ,  
r equ i r e  t h e  appl ica t ion  of a comprehensive recording of t h e  parameters of con- 
t r o l  process dynamics, of response r eac t ions  and of t h e  e lec t rophys io logica l  
funct ions of t h e  opera tor .  The evaluat ion of t h e  s t a t e  of t h e  psychophysio- 
l o g i c a l  s t r e s s  of t h e  opera tor  during t h e  con t ro l  process  must be c a r r i e d  out  
on t h e  b a s i s  of t h e  combined q u a n t i t a t i v e  values  of t h e  phys io logica l  i n -  
d i ca to r s ,  which ca r ry  bas ic  information concerning t h e  s t a t e  of t h e  opera tor ,  
and a l s o  on t h e  b a s i s  of t h e  devia t ion  i n  t h e  cont ro l led  q u a n t i t i e s  from as- 
signed values permit ted by t h e  operator ,  a s  he c a r r i e s  out  var ious opera t ions .  
For an operator  who con t ro l s  a more complex system, t h e  ind ica to r s  of bio-  
e l e c t r i c  a c t i v i t y  of high-frequency rhythms, galvanic sk in  r eac t ions ,  card iac  
a c t i v i t y  and b i o e l e c t r i c  a c t i v i t y  of t h e  muscles a r e  higher ,  compared with 
t h e  corresponding i n d i c a t o r s  recorded when t h e  operator  works with a l e s s  
complex system. 

I n  experiments with two con t ro l  systems, t h e  o r i e n t a t i o n  of t h e  same 
operator  i n  a s imulator ,  an increase  i n  the  b i o e l e c t r i c  a c t i v i t y  of high-fre-  
quency rhythms by a f a c t o r  of 11 percent  and an increase  i n  t h e  galvanic sk in  
r eac t ion  by56 percent  were observed i n  t h e  more complex vers ion of t h e  system. 

During con t ro l  of angular motion of one sub jec t ,  t h e  value of t h e  bio-  
e l e c t r i c  a c t i v i t y  of high-frequency rhythms was 11.8 i n t e g r a l  u n l t s  during 10 

t h e  cont ro l  of s p a t i a l  r e l a t i v e  motion of two sub jec t s ,  each of whom had 6 
degrees of freedom, t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  high-frequency rhythms 
w a s  17.5 i n t e g r a l  u n i t s ,  while t h e  pulse  frequency was 82 s t rokes  p e r  min. 

sec of ana lys i s ,  while t h e  pulse  r a t e  w a s  70 s t rokes  p e r  min. During E 

Most of t h e  con t ro l  systems which u t i l i z e  an operator  a re  c losed.  T o  
maintain a given con t ro l  process ,  a d e f i n i t e  amount of information must be 
c i r cu la t ed .  D i f f e ren t  con t ro l  systems f o r  t h e  same process ,  which include an 
operator ,  may be compared with respec t  t o  t h e  amount of information pass ing  
through t h e  con t ro l  loop during a d e f i n i t e  per iod of t ime, i n  order  t o  main- 
t a i n  t h e  con t ro l  process .  Each of t h e  c r i t e r i a  considered independently does 
not  provide a complete evaluat ion of a con t ro l  system u t i l i z i n g  a human 
opera tor .  Therefore,  it i s  necessary t o  develop a general ized c r i t e r i o n  
f o r  eva lua t ing  a con t ro l  system with a human opera tor .  T h i s  should t ake  i n t o  
account a l l  devia t ions  of t h e  con t ro l  process  coordinates ,  t h e  i n t e g r a l  eva l -  
ua t ions  of t h e  t r a n s i e n t  process ,  t h e  q u a n t i t a t i v e  values  of phys io logica l  
i nd ica to r s  and parameters, cha rac t e r i z ing  t h e  capac i ty  of t h e  opera tor  t o  
be t r a i n e d  and t h e  eva lua t ion  of information processes  i n  a closed system. 

To eva lua te  a c o n t r o l  system with a human opera tor ,  it i s  r a t i o n a l  t o  
use t h e  following general ized c r i t e r i o n  

I 1  

Y, r l i  
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where J i s  t h e  general ized c r i t e r i o n ;  
- 
X i s  t h e  average value of t h e  devia t ion  of t h e  con t ro l  process 

parameters, of t h e  i n d i c a t o r s  showing t h e  emotional s t r e s s  of 
t h e  opera tor  during cont ro l ,  of i n t e g r a l  eva lua t ions  of t h e  
t r a n s i e n t  process ,  e t c . ;  

i 

- 
X. i s  t h e  average value o f  t h e  devia t ion  of t h e  general ized con t ro l  

wfien it i s  d i f f i c u l t  t o  ob ta in  
'dev process  coordinate  as a func t ion  of t h e  des i r ed  process co- 

ord ina te  during optimum cont ro l .  
t h e  average value of t he  devia t ion  dur ing  optimum cont ro l ,  we 
can t ake  a s  t h e  minimum average value of devia t ions  obtained, 

- 
idev 

when t h e  parameters of t h e  con t ro l  system a r e  var ied ;  
A a r e  weighting f a c t o r s .  
i 
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SIMPLIFIED J!WTHOD OF MEASURING THE TRANSFER 
FUNCTION OF AN OPERATOR 

A. A. Volkov 

. The app l i ca t ion  of t h e  e l e c t r o n i c  d i g i t a l  computer i n  conjunction with /23 
t r a i n e r s  opens up wide p o s s i b i l i t i e s  f o r  t h e  inves t iga t ion  of human a c t i v i t y  
i n  a closed con t ro l l ed  loop. A systematic  p re sen ta t ion  of t h e  s impl i f i ed  
method of measuring t h e  t r a n s f e r  func t ion  of t h e  human opera tor ,  augmented by 
t h e  ca l cu la t ions  of t h e  author ,  are presented .  

The s impl i f i ed  method i s  based on t h e  use of a se l f -adapt ive  analog model, 
which i s  ad jus ted  t o  s imulate  t h e  opera tor ,  so t h a t  t h e  root-mean-square e r r o r  
between t h e  r eac t ions  of t h e  opera tor  and i t s  analog model i s  a minimum. It 
can be shown t h a t  t h i s  condi t ion i s  s a t i s f i e d  i f  t h e  r a t e  of change of t h e  con- 
t r o l l e d  parameter CY i n  t h e  model of t he  opera tor  i s  propor t iona l  t o  t h e  product 
of t h e  e r r o r  ( y )  and t h e  p a r t i a l  d e r i v a t i v e  of t h e  output s i g n a l  of t h e  model 
( u )  with r e spec t  t o  t h e  con t ro l l ed  parameter 

The number of au tomat ica l ly  con t ro l l ed  parameters i n  t h e  model i s  de- 
termined by t h e  form of t h e  t r a n s f e r  func t ion .  

Ex i s t ing  experimental  d a t a  show t h a t  t h e  ac t ion  of t h e  human opera tor  
i n  t h e  closed con t ro l  loop i s  wel l  descr ibed by a t r a n s f e r  func t ion  of  t h e  
fol lowing form 

I n  t h i s  case t h e  t r a n s i e n t  func t ion  of t h e  human opera tor  H ( t )  has t h e  f o l -  
lowing form 

The l i m i t s  of measurement of parameters K K and T dur ing  t h e  work of t h e  

opera tor  under normal condi t ions  are as fol lows:  

T,  0.1-0.3 see .  

1’ 2 
KIJ 1-20 l / s e c ;  K2, 0-9; 
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The t r a n s f e r  func t ion  of a human opera tor  i s  not a s t a b l e  quan t i ty .  It 
depends on a l a r g e  number of  condi t ions .  A s  a r u l e  we should po in t  out t h a t  
when t h e  de lay  i n  t h e  dynamics of t h e  con t ro l l ed  ob jec t  i s  l a r g e ,  t h e  time 
constant of t h e  opera tor  i s  a l s o  l a r g e .  It i s  of considerable i n t e r e s t  t o  
study t h e  t r a n s f e r  func t ions  of a human opera tor  under experLmenta1 condi t ions .  

1 
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APPLICATION OF THE ELECTRONIC DIGITAL COMPUTER TO THE OPERATIONAL 
EVALUATION OF THE EXTERNAL RESPIRATORY FUNCTION OF I'" 

K. K. Shcherbakov 
I 

The examination of t h e  volumetric and r a t e  i n d i c a t o r s  of ex te rna l  /24 
r e s p i r a t o r y  func t ions  of man on t h e  phase plane flrate-volumef' i l l u s t r a t e s  t h e  
r e s p i r a t o r y  mechanism, and makes it poss ib le  t o  measure t h e  complex of pneumo- 
tachometric d a t a  ( t h e  v i t a l  capac i ty  of lungs,  t he  cur ren t  r e s p i r a t o r y  
volumes, reserve  p o s s i b i l i t i e s ,  pulmonary v e n t i l a t i o n ,  r a t e  of r e s p i r a t i o n ,  
e t c . ) .  

The manual processing of t h e  "rate-volume" diagrams i s  c a r r i e d  out 
a f t e r  t h e  recording has been completed, and i s  assoc ia ted  with a considerable 
expenditure of time and ted ious  work, which does not always s a t i s f y  t h e  requi re -  
ments of modern experiments. 

To obtain ind ica to r s  f o r  t h e  ex te rna l  r e s p i r a t o r y  func t ion  under operat-  
ing  condi t ions a method was developed f o r  t he  automatic processing of ex- 
p e r i m e n t a l d a t a .  The algorithm was simulated by means of an e l e c t r o n i c  d i g i t a l  
computer, which p r i n t e d  out  t h e  continuous values of e x t e r n a l  r e s p i r a t o r y  
parameters. 

T h i s  method makes it poss ib l e  t o  obtain numerical values f o r  a s e r i e s  of 
parameters of t h e  ex te rna l  r e s p i r a t o r y  funct ion of man, w i t h  simultaneous 
v i s u a l  observat ion of t he  maximum and continuous r e s p i r a t i o n  loops on t h e  
screen of an osc i l lograph .  



APPLICATION OF CERIIAIN STATISTICAL INDICATORS FOR DETECTING PERSONS 
WITH CONCEALED FORMS OF STATOKINETIC DISORDERS 

V. I. Kopanev 

When people use t r a n s p o r t a t i o n  means, they  are sometimes subjected t o  
s t a t o k i n e t i c  d i so rde r s ,  charac te r ized  by nausea, ve r t igo ,  vomiting, e t c .  Per- 
sons wi th  c l e a r l y  defined s t a t o k i n e t i c  d i so rde r s  as a r u l e  are easi ly  de tec ted  
and given t h e  necessary a s s i s t ance .  Concealed cases  are more complex when 
the  subjec t ive  and ob jec t ive  mani fes ta t ions  are i n s i g n i f i c a n t  ( f e e l i n g  of d i s -  
comfort). I n  t h i s  case the  de t ec t ion  of  persons w i t h  s t a t o k i n e t i c  d i so rde r s  
i s  extremely d i f f i c u l t .  Taking i n t o  account t h e  experience wi th  l abora to ry  
s imulat ion of t h e  concealed forms of rockiness  by means o f  pe r iod ic  appl ica-  

increased l a b i l i t y  of a series of  vege ta t ive  i n d i c a t o r s  (pulse  r a t e ,  res- 
p i r a t o r y  rate,  e t c . ) ,  w e  made an e f f o r t  t o  eva lua te  these  phenomena quant i ta -  
t i v e l y .  For t h i s  eva lua t ion  t h e  experimental  material w a s  subjected t o  s ta t i s -  
t i c a l  processing. We determined the  mean a r i t h m e t i c a l  values  of ( M ) ,  t he  root -  
mean-square values of  ( 6 )  and t h e  devia t ions  and c o e f f i c i e n t s  i n  t h e  v a r i a t i o n s  
of  ( C )  (R. M .  Bayevskiy, N. A. Chekhonadskiy, V.  V. Bogdanov and o thers ,  1964). 
The processing of r e s u l t s  obtained wi th  f i v e  sub jec t s  c l a r i f i e d  the  v a r i a b i l i t y  
of t h e  following ind ica to r s :  pu lse  ra te ,  r e s p i r a t i o n  ra te ,  RR i n t e r v a l  and 
t h e  amplitudes of  t he  P notch i n  t h e  ECG's. 

t i o n  of the  Cor io l i s  acce le ra t ion ,  when some of t h e  s u b j e c t s  exhib i ted  f22 

The ana lys i s  of t h e  information has shown t h a t  as a rule t h e  values  of  
t he  root-mean-square devia t ions  and of t h e  v a r i a t i o n  f a c t o r s  i n  sub jec t s  i n  
a s t a t e  of rockiness were g r e a t e r  than t h e  i n i t i a l  values.  A d i r e c t  r e l a t i o n -  
s h i p  w a s  e s t ab l i shed  between t h e  degree of v a r i a b i l i t y  of  phys io logica l  func- 
t i o n s  and the  degree of  rockiness .  I n  cases  of  complaints of  f e v e r  and feel-  
ings  of  discomfort ,  e t c . ,  t he  v a r i a b i l i t y  w a s  more pronounced ( th ree  persons)  
than i n  the cases  when the  genera l  f e e l i n g  of  t he  s u b j e c t s  remained unchanged 
(two persons) .  This observat ion i s  confirmed by t h e  d a t a  of processing t h e  
RR i n t e r v a l  of t h e  ECG's i n  sub jec t s  K and N. I n  t h e  case of subjec t  K (more 
s t a b l e )  t h e  values  of M, 6 and C before  rockiness  were equal ,  r e spec t ive ly ,  
t o  0.85, 0.035 see and 4.12 percent ;  a f t e r  1-5 min of rocking t h e  r e s u l t s  
were 0.80, 0.052 sec and 6.5 percent ;  and a f t e r  15-20 min they  were 0.82, 
0.050 see and 6.09 percent .  s t a t o -  
k i n e t i c  s t a b i l i t y )  t h e  values  of M, S C before  rocking were equal,  respec-  
t i v e l y ,  t o  0.91, 0.028 see  and 3.08 percent;  a f t e r  s t a t o k i n e t i c  s t imu la t ion  
t h e  r e s u l t s  a f t e r  1-5 min were 0.81, 0.048 see and 5.92 percent ,  and a f t e r  15- 
20 min t h e  r e s u l t s  were 0.89, 0.088 see  and 9.94 percent .  

I n  t h e  case of subjec t  N (wi th  a lower 



Approximately t h e  same r e s u l t s  were obtained when o the r  i n d i c a t o r s  were 
s t a t i s t i c a l l y  analyzed: r e s p i r a t o r y  rate and t h e  amplitude of t h e  T notch i n  
t h e  E C G ' s .  
a cce l e ra t ion )  t h e  v a r i a b i l i t y  of t he  i n d i c a t o r s  w a s  i n s i g n i f i c a n t  i n  t h e  same 
sub jec t s .  

I n  con t ro l l ed  experiments (without t h e  a c t i o n  of t h e  C o r i o l i s  
~ 

11 

I 
I n  view of t hese  r e s u l t s  we came t o  t h e  conclusion t h a t  increased va r i a -  

b i l i t y  of phys io logica l  i n d i c a t o r s  may be considered i n  conjunction wi th  o t h e r  
symptoms as an i n d i c a t o r  of s t a t o k i n e t i c  i n s t a b i l i t y  and apparent ly  i s  one 
of t h e  bas ic  symptoms f o r  de t ec t ing  cases of concealed occurrence. 

1 

11 1 
I The same r e s u l t s  were obtained i n  an a n a l y s i s  of c e r t a i n  d a t a  from space 
P experiments wi th  cosmonauts during the o r b i t s  of Vostok. 
t 

The experience of us ing  c e r t a i n  s t a t i s t i c a l  i n d i c a t o r s  f o r  de t ec t ing  
concealed forms of s t a t o k i n e t i c  i n s t a b i l i t y  again confirms t h e  v a l i d i t y  of a 
wide app l i ca t ion  of s t a t i s t i c a l  and mathematical methods f o r  t h e  s c i e n t i f i c  
ana lys i s  of biomedical information f o r  t h e  purpose of confirming and e s t a b l i s h -  
ing new l a w s  i n  b i o l o g i c a l  processes .  



MATHEMATICAL ANALYSIS OF BIOCHEMICAL DATA ON THE DYNAMICS OF CHOLESTEROL 
AND ITS SIGNIFICANCE I N  CLARIFYING THE REASONS FOR AND DEVELOPING 

PREVENTIVE TREATMENT FOR ATHEROSCLEXOSIS I N  PILOTS 

Yu. F. Udalov, A.G.Melikhova, A. S .  Kontsov, 
N .  I. Mukhamedzhanov and V. A. Nazarova 

Cardiovascular d i sease ,  p a r t i c u l a r l y  a the rosc l e ros i s ,  i s  one of t he  /26 
most f requent  causes of d i s a b i l i t y  and death.  

The c l a r i f i c a t i o n  of t h e  reasons f o r  t h e  occurrence of a the rosc l e ros i s  
and t h e  development of prevent ive treatment i s  p a r t i c u l a r l y  s i g n i f i c a n t  f o r  
t h e  A i r  Force, because even t h e  i n i t i a l  s tages  of t h e  d i sease  may serve as 
a b a s i s  f o r  grounding p i l o t s .  

It has been e s t ab l i shed  t h a t  a the rosc l e ros i s  has seve ra l  causes, p a r t i c -  
u l a r l y  t h e  d i s rup t ion  of cho le s t e ro l  exchange. 

For a s e r i e s  of years ,  i n  an e f f o r t  t o  i n v e s t i g a t e  t h i s  problem, over 
2,000 p i l o t s  of t h e  A i r  Force and of t h e  C i v i l  A i r  F l e e t ,  a s  wel l  as o thers ,  
have been examined. E f f o r t s  were made t o  e s t a b l i s h  t h e  e f f e c t  of t h e  follow- 
ing  on t h e  cho le s t e ro l  exchange: d i e t ,  ex ten t  and type  of f l i g h t  a c t i v i t y ,  
phys i ca l  condition, hormonal a c t i v i t y  of t h e  co r t ex  of t h e  adrenal  glands, 
and age.  The following biochemical i nd ica to r s  were determined: t he  cho le s t e ro l  
l e v e l  i n  t h e  blood, t h e  phospholipid content ,  exc re t ion  of u r ine  with 1.7- 
ke tos t e ro ids  and 17-hydroxycorticosteroid~~ vitamin exchange ( t h e  content 
of ascorbic  ac id  i n  blood plasma, excre t ion  with u r ine  of ascorbic  acid,  
thiamine, r i bo f l av in ,  4-pyridoxine ac id  and N -methyl nicot inamide) .  1 

I n  t h e  ana lys i s  of t hese  d a t a  t h e  usual  methods of s t a t i s t i c a l  ana lys i s  
were used with t h e  ca l cu la t ion  of t h e  average q u a n t i t i e s ,  t h e  mean-root- 
square q u a n t i t i e s ,  t h e  average e r r o r  and t h e  d i f f e rence  of s t a t i s t i c a l  r e l i -  
a b i l i t y .  By means of t h i s  ana lys i s  it was poss ib l e  t o  c l a r i f y  t h e  law govern- 
i ng  t h e  increase  i n  cho le s t e ro l  l e v e l  of t h e  blood a f t e r  f l i g h t .  A r e l i a b l e  
d i f f e rence  i n  the  given r eac t ion ,  depending on t h e  ex ten t  of f l i g h t  a c t i v i t y ,  
w a s  a l s o  e s t ab l i shed  (conventional and t e s t  f l i g h t ,  f l i g h t  under simple and 
complex condi t ions) .  
cho le s t e ro l  l e v e l  of var ious age groups and i t s  higher  l e v e l  i n  f l i g h t  per-  
sonnel  compared with o the r  (grounded) profess ions .  

These methods a l s o  e s t ab l i shed  t h e  d i f f e rence  i n  

A r e l a t i o n  was e s t ab l i shed  between t h e  c h o l e s t e r o l  l e v e l  acd t h e  f l i g h t  
load  f a c t o r s ,  as wel l  as f l i g h t  s p e c i a l t y  and func t iona l  d u t i e s  i n  f l i g h t .  
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I 

1 

A l l  of t h e  e s t ab l i shed  l a w s  may be of p r a c t i c a l  value i n  t h e  preven- 
t i v e  treatment of a the rosc l e ros i s  i n  f l i g h t  personnel.  A t  t he  same time, we 
can make a p o s i t i v e  statement t h a t  i f  t h i s  grea t  amount of experimental ma te r i a l  
were subjected t o  machine methods r a t h e r  than manual methods of processing 
da ta ,  t he  ana lys i s  would have been much more meaningful. It would have been 
poss ib l e  t o  obta in  a more d e f i n i t e  concept of t h e  magnitude of f l i g h t  loading 
leading  t o  a s u b s t a n t i a l  d i s rup t ion  of cho le s t e ro l  exchange, which i n  t u r n  i s  

I 

I very important f o r  s tandard iz ing  f l i g h t  work. 

~ 

The mathematical ana lys i s  of some biochemical d a t a  on a s u f f i c i e n t l y  
i 

s c i e n t i f i c  l e v e l  i s  p r a c t i c a l l y  impossible without t h e  use of machines t o  
process t h e  experimental da t a .  A n  example of t h i s  may be t h e  exchange of 
amino acid and t h e  e f f e c t  of d i e t  and ex te rna l  f a c t o r s  on t h i s  exchange. 

vitamin shortage i n  t h e  genesis  of a t h e r o s c l e r o s i s ,  and f o r  e s t ab l i sh ing  
t h e  b a s i s  of prevent ive t reatment ,  which w a s  l a t e r  v e r i f i e d  experimentally.  
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DYNAMIC CHARACTERISTICS OF TBE CARDIOVASCULAR SYSTEM OF MAN AND 
THEIR UTILIZATION I N  SPACE Ml3DICINE 

A. D. Yegorov and N .  A. Cheskhonadskiy 

The problem of e x t r a c t i n g  a l a r g e  amount of information from experimen- 
t a l  da t a ,  when studying t h e  problems of space medicine, i s  q u i t e  timely. One 
of t h e  methods of i n t e r e s t  from t h i s  p o i n t  of view i s  t h e  ana lys i s  of  dynamic 
c h a r a c t e r i s t i c s  of con t ro l l i ng  t h e  autonomic func t ions  o f  t h e  t e s t  organism, 
which are determined from i n i t i a l  da t a  contained i n  the  r e s u l t s  of  experiments. 
Knowledge of con t ro l  c h a r a c t e r i s t i c s  i s  q u i t e  important f o r  eva lua t ing  the  s ta-  
b i l i t y  of  t he  human organism as an automatic con t ro l  system, when var ious 
f l i g h t  f a c t o r s  a c t  on it. 

The t r a n s i t i o n  of t h e  organism under t h e  a c t i o n  of ex te rna l  f a c t o r s  t o  a 
d i f f e r e n t  funct ioning l e v e l ,  when the  v a r i a t i o n  i n  t h e  bas i c  phys io logica l  
func t ions  i s  wi th in  the  allowable l i m i t s ,  appa ren t ly  does not  show t h a t  such 
e x t e r n a l  condi t ions are completely i n d i f f e r e n t  t o  t h e  organism. When a s e r i e s  
of s t rong  ex te rna l  s t i m u l i ,  u s u a l l y  inves t iga ted  i n  a v i a t i o n  and space medicine, 
a c t  on an organism it may be subjected t o  d e f i n i t e  displacements which substan- 
t i a l l y  change t h e  dynamic na ture  of autonomic func t ions .  However, such changes 
are not  determined during the inves t iga t ion  of t h e  processes  of v i t a l  a c t i v i t y  
of t h e  organism under pu re ly  s t a t i c  condi t ions .  The dynamic devia t ions  of  t h e  
autonomic func t ions  from t h e i r  optimum adjustment may serve  as the  reason f o r  
func t iona l  d i s rup t ions  i n  t h e  organism, which do not  appear immediately, bu t  on- 
l y  a f t e r  the  organism remains under s p e c i f i c  condi t ions  f o r  a c e r t a i n  per iod  o f  
t i m e .  The probable occurrence of these  d i s rup t ions  may be es tab l i shed  before- 
hand by inves t iga t ing  the  dynamic c h a r a c t e r i s t i c s  of  t h e  systems which con t ro l  
t he  autonomic func t ions  i n  the  human organism. 
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Dynamic c h a r a c t e r i s t i c s  of t h e  system f o r  c o n t r o l l i n g  the  pulse  rate of 
some cosmonauts i s  presented a t  the i n s t a n t  of t i m e  when they  go from increased 
g r a v i t a t i o n  t o  weight lessness .  
t he re  i s  a s u b s t a n t i a l  e f f e c t  of weight lessness  on t h e  pu l se - r a t e  con t ro l  sys- 

s u l t s  of experiments w i th  animals i n  space w e r e  examined. The r e s u l t s  obtained 
confirm t h a t  under weight lessness  t h e  reasons f o r  t h e  slow r e t u r n  of t h e  pu l se  
of t he  cosmonauts t o  i t s  i n i t i a l  values  are t h e  changes i n  con t ro l ,  along wi th  
emotional f a c t o r s .  The t r a n s i t i o n  from increased g r a v i t y  t o  welght lessness  
changes t h e  "parameters" of  t he  con t ro l  system. 

Analysis of  t hese  r e l a t i o n s h i p s  shows t h a t  

+ ,,em. I n  an e f f o r t  t o  e s t a b l i s h  the  e f f e c t  of  t h e  neuroemotional f a c t o r ,  t h e  re- 

Translated f o r  t he  Nat ional  Aeronautics and Space Administration by 
John F. Holman Co. Inc .  
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“The aeronautical and space activities of the United States shall be 
conducted so as to  contribute . . . to the expansion of human Rnowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide f o r  the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof .” 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 
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